Innovation is characterized by uncertainties, high risks, large investments and late returns on investment which make it a complex process. This is particularly true for sustainable innovation where market forces alone cannot be relied upon to realize the desired transitions. Insight in the dynamics of such innovation processes is necessary in order to influence technological change toward a more sustainable direction. However, few instruments and indicators are available to assess the performance of emerging technological innovation systems. In this phase competition often takes place based on expectations rather than on technological performance. This paper therefore focuses on the expectation patterns of technological innovation systems in the exploratory phase through the analysis of the expectation dynamics of three emerging technologies in the field of sustainable mobility within the Netherlands: biofuels, hydrogen as a transport fuel and natural gas as a transport fuel. These technologies do not only compete with the current fossil-fuel based system but also with each other. We have collected over 5000 expectation events regarding these technologies for the period 2000-2008 and discuss the insights generated by the comparison of the observed expectation dynamics to theoretical patterns.
Introduction
Innovation is characterized by uncertainties, high risks and late returns on investment which make it a complex process. This is particularly true in the case of innovations for sustainability where market forces alone are not sufficient to come to a more sustainable socio-technological regime [1] [2] [3] . The large scale diffusion of energy-efficient and more sustainable energy and mobility technologies is necessary to realize such a transition. It is however difficult to predict which technological options have the most potential to become part of a future more sustainable socio-technological regime. The development of sustainable energy-and mobility technologies is characterized by long development times, large required investments and the involvement of many actors. These actors include the entrepreneurial firms that bring new technological options to the market, the government actors that stimulate and support the development and market introduction of innovations through protective measures or public procurement, as well as consumers and NGOs. The speed and direction of technological change thus depend on the nature of the technological (innovation) system [4] : "a dynamic network of agents interacting in a specific economic/industrial area under a particular institutional infrastructure and involved in the generation, diffusion, and utilization of technology".
In the case of innovations for sustainability, technology generation, diffusion and utilization may be hampered by a "double externality" problem [5] : In addition to R&D related market failures, there also exist positive externalities related to the adoption and diffusion of environmentally friendly technologies (e.g., clean air). Because of these externalities entrepreneurial firms may not be able to appropriate all the benefits of their innovation. Other factors that complicate the diffusion process are the involvement of a heterogeneous set of actors with different preferences and the competition between innovations for Technological Forecasting & Social Change 79 (2012) [448] [449] [450] [451] [452] [453] [454] [455] [456] sustainability and other new and existing technologies-both on traditional performance characteristics and on sustainability characteristics [6] . In several countries policies are therefore in place in order to stimulate the emergence and development of technological innovation systems for more sustainable energy and mobility technologies i.e., [7, 8] . Expectation based methods such as foresight exercises and scenario studies are an important input for policy makers in this area.
However, few instruments and indicators are available to assess the potential performance of emerging technological innovation systems as performance criteria are still unclear in the early stages of development [9] [10] [11] [12] . Therefore competition between alternative technological options often takes place based on the expectations about future technological performance rather than on current technological performance [13] [14] [15] [16] [17] . Expectations influence the development path of a technology and several authors indicate that expectations are therefore the subject of strategic behavior by entrepreneurs and other stakeholders [18] . Aldrich and Ruef [19] for example stress the importance of legitimisation strategies in addition to technology development (learning) strategies for entrepreneurs. In the early stages of the technology life cycle entrepreneurs create legitimacy for the new technology through the management of expectations and by providing information [20] . These guidance activities are a way for stakeholders to influence the technological innovation system toward a favorable direction. When market driven technological innovations are concerned this behavior has been studied in the context of product preannouncements [21] . However, in the case of sustainable technologies, such as biofuels, the entrepreneurial firm is just one of the actors trying to influence the expectations about a technological option. Other stakeholders within the innovation system such as, for example, the environmental lobby and the government may also attempt to influence the direction of technological change. This complex environment makes the task of expectations management difficult and this paper addresses the need to better understand the expectation patterns for sustainable technologies [22, 23] .
A theoretical framework that acknowledges the important role of expectations for emerging technologies is the functions of innovation systems approach which describes the basic functions that need to be facilitated in technological innovation systems in order to build up and function well [24, 2, 25] . Of particular importance in the early stages of development of a new technology is the so-called "guidance of the search function" [26, 27] . This function involves activities that provide direction to the development of the emerging technology. Activities that provide this guidance are for example the implementation of policy measures, standard setting, and the expression of promises and expectations regarding technological development and performance. Several case studies using the functions of innovations approach have emphasized the important role of expectations and have described the patterns of expectations observed in these individual cases [28, 29] . In this paper we seek to link the expectations identified in case studies of sustainable mobility technologies to the general literature on expectation dynamics [30] . This allows us to investigate whether sustainable innovations show similar expectation patterns and it contributes to a more empirical description of the guidance of the search function in the technological innovation systems literature.
In summary, the influence of expectations on policies for sustainable development, the importance of expectations in emerging innovation systems for sustainable technologies, and the influence of the expectations of multiple heterogeneous actors on technology development raise the need for more insights in the expectation patterns of emerging sustainable technologies. An expectation pattern is the temporal pattern of expressed expectations about a technology. Our focus is on the expression of expectations by actors, by expressing expectations these actors influence the technological innovation system and current and future technological trajectories [9, 31] .
More specifically, this paper considers three emerging technologies in the field of sustainable mobility within the Netherlands: biofuels, hydrogen and natural gas as fuels for the automotive sector. These three technologies can potentially provide an alternative for the current fossil-fuel based mobility system. There is thus both competition between the incumbent fossil fuelbased technology on the one hand and the three alternative technological options on the other hand and between the three alternative technological options. While it is not necessary the case that this competition results in a single dominant technology (a coexistence of different options may also be possible), these technologies do currently compete for subsidies. Furthermore, all three technologies require substantial investments in infrastructure increasing the chances of lock-in in a single technology [32, 33] . The three technologies differ with respect to their stage of development and their compatibility with the current infrastructure. A switch to hydrogen might therefore be considered as a more radical innovation than a switch to biofuels or natural gas as the main transport fuel. However, large scale deployment of each option requires infrastructure investments as well as adaptations to the vehicle and can thus be considered disruptive to the existing fossil-fuel based regime [34] .
In order to better understand the role of expectations in these three technological trajectories the paper proceeds as follows: First, Section 2 elaborates on the role of expectations in innovation processes as described in the literature [14, 35, 23] . Section 3 describes the methodology of event-history analysis [36] that was used to collect data on the expectations about the three technologies during the period 2000-2008. Section 4 gives a short overview of the case study data and presents the observed expectations in the three case studies. Finally a discussion and concluding remarks are given in Section 5.
The role of expectations in innovation systems
We follow Borup et al. [22] in describing technological expectations as "real time representations of future technological situations and capabilities". Expectations play an important role in determining the direction of technological change and the rate at which innovations are adopted [35, 22, 18, 14, 37, 38] . First, expectations function as a coordination mechanism for actors and activities [39] . Positive expectations help to attract actors to emerging innovation systems and to align the interests and activities of these actors [40] . Second, through these processes of alignment and coordination expectations can also create legitimacy for the new technology [23, 19] . Very strong positive expectations can even help create a protective niche around a technology, within such a niche the technology is more likely to be positively evaluated [39, 41] . Third, expectations play an important role in mobilizing resources for the new technology. Geels and Smit [18] even indicate that expectations and visions about the future as such are an important resource in the creation of protected niches for the new technology. Finally, (shared) expectations can reduce the uncertainty perceived by technology developers and thereby guide the process of technological change. Expectations thus play a pivotal role in attracting actors to the technological innovation system and to stimulate the fulfillment of other key processes in technological innovation systems such as the mobilization of resources. This role of expectations is strongest in the earliest phases of the life cycle of a technology which is characterized by uncertainty regarding future performance and possible applications [42] . It is this early phase of development that is the focus of this paper.
The importance of expectations for technology development creates incentives for actors to express and influence technological expectations. Several authors have identified such strategic elements in expectation formation processes [18, 41, 43, 19, 44] . Berkhout [35] even suggests that expectations can be considered: "as bids about what the future might be like, that are offered by agents in the context of other expectation bids". This implies that agents make these bids strategically, i.e., with the knowledge that other actors will 'counter' and respond with alternative bids. An important strategy for stakeholders at this stage of technological development is to try and improve the reputation of their preferred technology through the management of expectations and by providing information [20, 45] , this is an example of a proactive expectations management strategy. Proactive expectations management strategies have an important role in creating legitimacy for new technologies [19, 18] . A more reactive form of expectations management occurs when actors react to negative expectations expressed by other actors. Reactive expectations strategies occur, for example, when biofuel stakeholders respond to the critical statements about the (un)sustainability of biofuels. In this paper we consider the pattern of expectations expressed by a certain actor as an expectations management strategy. Expectations can be considered as more successful once they are shared by a larger number of influential stakeholders [46] and the effectiveness of an expectations management strategy depends on several aspects.
First, the content of the expectation is important. Berkhout [35] indicates that the validity and attractiveness of expectations are important in determining which expectations become dominant over time, i.e., become shared by a large number of people. Proponents of a certain technology often make an effort to frame the discussion about competing technologies in such a way that the strengths of their preferred technology become important performance criteria in the process of technology selection [47, 48] . An example of this is stressing the potential of a technology on the long term when current performance is not yet competitive. Expectations can be specific, addressing the performance of the new technology, or more general concerning the ability of the innovation to contribute to solving societal problems. An example of a general expectation is "Hydrogen as a freedom fuel" whereas a specific expectation also indicates future technology performance such as "Hydrogen cars will be cost-competitive in 2015". In addition to the specificity of an expectation one can also distinguish expectations that relate to the short term from those that relate to the long term. Low performance expectations on the short term can sometimes be compensated by high expectations about technology performance on the long term. Furthermore, Expectations can be positive, highlighting the expected benefits of the technology, or negative, expressing for example the potential risk associated with the new technology. It is important to distinguish between these different types of expectations as they can have different effects on innovation processes [43] .
Expectations concerning a specific technology are of course influenced by expectations concerning competing (existing and new) technologies. Rosenberg [14] for example states that "Expectations of continued improvement in a new technology may therefore lead to postponement of an innovation, to a slowing down in the rate of its diffusion or to an adoption in a modified form to permit greater future flexibility". High expectations regarding a new technology may for example lead to an increase in R&D and marketing efforts for the existing technology and cause a sailing ship effect.
Second, in addition to the content, the actor or actor group expressing the expectation influences the impact of the expectation [35] . An important actor group consists of the entrepreneurial firms that are willing to invest in the new technology. These entrepreneurial firms can be both new entrants and incumbents. Other stakeholder groups are for example the incumbent firms that are threatened by the new technology [49] , governments that see a role for the new technology in achieving policy goals and stakeholder groups such as NGOs and lobby organizations. Expectations can bring together a particular stakeholder group and the size and power of the group influences the effectiveness of the expectations management strategy used by the (group) members, that is, expectations become stronger when there is alignment between different stakeholder groups. Expectations expressed by some actors (such as the government) potentially have a greater impact on the emerging technological innovation system than expectations from other actors. However for these influential actors the reputational costs that arise when high expectations cannot be fulfilled may negatively influence future credibility and diffusion of the technology [39] .
Expectation dynamics often show a typical pattern over time with alternating cycles of hype and disappointment [43, 20, 50] . A hype cycle occurs when there is a sudden rise in positive expectations regarding a technology followed by a sharp decline in positive expectations or a rise in negative expectations. These ups and downs can have a strong impact on innovation processes [43] . The disappointment that arises when the initial high expectations cannot be met, can lead to large costs for the emerging innovation system in terms of both resources and reputation [20] . As sustainable technologies are often dependent on substantial (public and private) funding, we expect that there is an incentive for stakeholders to overstate the potential of their technologies possibly leading to hype and disappointment cycles. Another pattern described in the literature, refers to the changes in the nature of the expectations of a technology over time. For example high and diffuse initial expectations are replaced by more specific expectations as a technology develops [15] . For example abstract representations of 'the car of the future' are replaced by expectations based on actual prototypes [51] . With this progression the distance between the actual performance of the technology and the expectation decreases, thereby reducing the level of uncertainty associated with the technology.
Data and methodology
Traditional methods for the analysis of innovation processes such as patents, R&D investments and other firm level data do provide insights in innovation system functioning in more mature stages of development but are less suitable for emerging systems [52] . In this paper we therefore build on the recent functions of innovation systems approach. This approach describes the basic functions that need to be addressed in emerging technological innovation systems in order to build up and function well [2, 25] . The performance of a technological innovation system can then be studied by analyzing how these functions are facilitated by the system. This approach recognizes the importance of expectations which are classified as contributing to the guidance of the search function of technological innovation systems. This system function describes the process of selection and alignment that is necessary for further system development, involving, for example, policy targets, outcomes of technical or economic studies and expectations regarding technological development and performance.
A systematic, methodology to analyze the realization of system functions is event history analysis, as developed in the context of organisation studies [36, 53] . Event history analysis studies sequences of events as a way to analyze processes of change and thus offers the possibility of operationalising and measuring system functions by relating these functions to events. Within the context of a technological innovation systems analysis, an event can be defined as an instance of change with respect to actors, institutions and/or technology which is the work of one or more actors and which carries some public importance with respect to the system under investigation. Examples of events that contribute to the guidance of the search function are standard setting, expressions of positive or negative expectations about the technology as well as promises or targets expressed by actors with the power to change institutions. In the event history analysis of the emerging Dutch biofuels innovation system by Suurs [29] empirical support for the importance of the guidance of the search function was given by the fact that over 40% of the events that were collected related to this innovation system were classified as guidance of the search. The current paper focuses on the expectation events within this broader guidance of the search category.
As a source for our event history analysis we used Dutch newspapers and professional journals 1 in the period 2000-2008. We thus focused on those events in which expectations were expressed regarding the use of biofuels, hydrogen and natural gas as transport fuels. This was done by reading through the literature and separating, throughout each text, the events reported. The construction of the event sequences was done as 'objectively' as possible based on empirical sources. To minimise personal bias the identification and classification of events was performed independently by three researchers after which differences in interpretation where discussed and resolved. This method resulted in a number of 3811 expectation events for biofuels, 989 events for hydrogen as a transport fuel and 943 events for natural gas as a transport fuel. For each case we then constructed a database containing the events in chronological order. Note that all events were counted irrespective of their importance. However, events that provide important guidance to the system are covered in more articles than less important events and are thus more prominent in the database. This is for instance the case with a statement about the hydrogen economy by former US president Bush (Hydrogen as freedom fuel). The resulting database provides an overview of events and the time of their occurrence. Subsequently we determined the following characteristics of each event:
1. Positive/negative content: Does the content of the expectations event express positive or negative future technology performance? 2. General/specific content: Does the event concern general guidance or expectations specific to the technology? Expectations can be specific, addressing performance of the new technology, or more general concerning the ability of the innovation to contribute to solving societal problems. 3. Short term/long term content: Does the expectation relate to the near future (b10 years) or the distant future? 4. Actor type: Entrepreneur, government, knowledge institute, NGO, other. 5. Furthermore, within the biofuels database we also distinguish between first and second generation technology. 2 While we acknowledge that the content of an expectation plays an important role in determining the guiding capacity of that expectation we focus mainly on the patterns of expectations for each case study in order to enable a comparison between case studies and with the more general literature. For each actor type we now consider the pattern of expectations expressed over time by actors of this type. Not all events can however be attributed to a specific actor type, these events are classified as "other". This category mainly contains editorial comments, articles written by journalists and important events that happened abroad (e.g., technological breakthroughs). While there may be a strategic element to those events as well we have focused on expectations expressed by stakeholders in the Dutch technological innovation systems, that is explicit expectations management events. The events in the "other" category are taken into account when assessing the overall expectations regarding a specific technology. 1 Using the 'Lexis/Nexis' database we performed a keyword search (in Dutch) for each of the three cases. See [29] for an overview of the literature and the Dutch keywords that were used. 2 The technological innovation system for biofuels comprises two technology generations. First generation biofuels fuels are based on conventional technologies and use agricultural crops, such as rapeseed or sugar beet, to produce biodiesel or bioethanol. Second generation biofuels originate from more science-based technologies (chemical and biotechnological). With the second generation technologies, woody biomass, consisting of waste wood or cultivated energy crops, is converted to 'biocrude', 'Fischer-Tropsch biodiesel' or 'cellulosic bioethanol' (all synthetic substances). Second generation biofuels are currently in a pre-commercial stage of development.
Observed expectation patterns
In addition to the theoretical patterns described in Section 2 this section elaborates on the expectation patterns of the three case studies. Table 1 gives an overview of the number of expectation events that were generated by the different actor groups. Table 1 indicates that entrepreneurial firms play a prominent role in the discourse about the technology for the three technological innovation systems we have investigated. This is consistent with patterns described in the broader literature as described in Section 2. However, we also observe an important role for the government in the biofuels and natural gas technological innovation systems. With regard to content, many of the expectations expressed by the government are related to standards and regulations concerning the use of transport fuels. Below we consider the expectation patterns for each system in more detail. Fig. 1 presents the expectation patterns for natural gas as a transport fuel during the period 2000-2008. In Fig. 1a we see that the expectations are predominantly positive. In addition, we observe a strong rise in the number of expectations in 2007, followed by a decline in 2008 suggesting hype cycle dynamics. Fig. 1b illustrates that both entrepreneurial firms and the government play a dominant role in this technological innovation system. Also note that the expectations generated by government and entrepreneurs follow a similar pattern. First this may be an indication that expectations are aligned, second it may be an illustration of the fact that expectations are mutually interdependent and that there are feedbacks between the expectations expressed by government and entrepreneurs. That is, actors may strategically react to expectations expressed by other actors rather than act based on the underlying technology developments. This type of strategic behavior contributes to the hype. Fig. 1c shows the percentage of expectations that are 'specific' in relation to the total number of expectations and the percentage of expectations that are about 'the short-term' (b10 years) in relation to the total number of expectations. An example of an event describing a specific expectation about natural gas expressed by construction company Ballast Nedam is:
Expectation patterns for natural gas as a transport fuel
Ballast Nedam expresses its intention to invest 75 million euros in the construction of 250 refueling stations for natural gas. "The company fleet of 500 cars will switch to natural gas within the next 5 years." (Financieel Dagblad March 15, 2008-in Dutch).
An example of a more general event contributing to positive expectations: "Natural gas is a better alternative than biofuels for achieving clean mobility" (Het Parool, January 30th 2008-in Dutch).
When we consider the level of specificity and the percentage of expectations that consider the short term we observe a converging pattern in Fig. 1 , that is, over time expectations become more specific and focus more on the short term. In the beginning of the period there were some years with mostly general expectation whereas towards the end of the period the level of specificity increases and most expectations are about the short term. As described above, the convergence of expectations is an important condition for the emergence and establishment of a dominant design and as such is a precondition for the system to move from the exploratory to the growth phase. This convergence of expectations is thus an indicator of the development of the technological innovation system [54] . Fig. 2 shows the expectation dynamics for hydrogen as a transport fuel. Fig. 2a again shows a pattern with first a large increase in positive expectations and a subsequent decrease, an indicator for hype cycle dynamics. Fig. 2b illustrates that the entrepreneurial firms play a dominant role in the discourse about hydrogen technology for transport and, as in the case of natural gas, the expectation dynamics for government actors and entrepreneurs are similar. In the case of hydrogen (Fig. 2c) this convergent pattern is not observed. This is an indication that the hydrogen system is not yet ready to move to the next stage of development, the stage of commercialisation (of a dominant design). Table 1 Number of expectation events (positive or negative) generated by the different actor groups.
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Expectation patterns for biofuels
Fig . 3 shows the expectation patterns for biofuels. Fig. 3a shows the expectation patterns for the overall biofuels technological innovation system. Again, characteristics of hype cycle dynamics can be observed. These dynamics do however differ from the observed dynamics for natural gas and hydrogen which showed a strong rise and subsequent decline in positive expectations. In the case of biofuels we see a strong rise in positive expectations followed by a strong rise in negative expectations. This is an indication that expectations are not shared in this case, indicating a lower guiding capacity for the innovation system. As this system consists of two technology generations Fig. 3 shows the dynamics for each generation separately. The graphs for the first (Fig. 3b) and second (Fig. 3c) generation biofuels indicate that this rise in negative expectations can almost completely be contributed to the first generation biofuels. At that time questions arose about the sustainability of this first generation due to its competition with food resources. Second generation biofuels were not associated with this problem, although biofuels remain widely criticized in general. Much of the negative press for biofuels in the period thus finds its roots in the competition between the two technological generations. Adversaries of the first generation of biofuels think the environmental costs of these fuels are too high and they fear that investment in this generation may lead to a lock-in, thereby hindering the diffusion of second generation biofuels. Proponents of the first generation, on the other hand, see the first generation as a stepping stone toward a more sustainable fuel system. With respect to the specificity of expectations shown in Fig. 3d we observe that observations become more general over time. Again this is an indicator that there is no sign of emerging consensus concerning the performance criteria of biofuels technology.
Concluding remarks
In this paper we have studied technological innovation systems in the exploratory phase of development by describing the expectation patterns of emerging sustainable technologies. Insight in these expectation patterns was obtained through analyzing the actual patterns of expectations expressed by actors within three case studies of emerging sustainable innovations: biofuels, natural gas and hydrogen. Using the method of event history analysis we have collected data on the expectations about these three technologies during the period 2000-2008. These three technologies are in different stages of development. Hydrogen as a transport fuel and second generation biofuels are currently only tested in small scale pilot projects. First generation biofuels and natural gas are commercially available but not yet implemented on a large scale in the Netherlands. With respect to the actors that express expectations we found that both entrepreneurial firms and government actors play a prominent role in the discourse about the investigated technologies. This role of government actors may be specific for sustainable technologies as the government naturally has a role in the development and diffusion of these technologies due to the double externality problem associated with innovations for sustainability. For all three technologies we found indications of hype cycle dynamics. That is, for all three cases we observed sharp increases in positive expectations followed by either a sharp decrease in positive expectations (natural gas and hydrogen) or a sharp increase in negative expectations (biofuels). While such hype patterns may be beneficial for technology patterns as they assist in mobilizing resources and legitimacy this is not necessarily so as only in the case of natural gas as a transport fuel we see a clear convergence of expectations. We argue that such a convergence of expectations can be used as an indicator for the extent to which expectations are shared. The lack of convergence in the biofuels and hydrogen system is an indication that in these systems there is not yet a broad consensus on the performance criteria for the technology. This lack of consensus can create barriers for further innovation system development. In the case of hydrogen this is consistent with the stage of development of the technology. In the case of first generation biofuels and biofuels in general the decreasing levels of specificity indicate that a reorientation of the system is taking place after the phases of hype and disappointment. Expectation dynamics for emerging sustainable technologies thus follow patterns similar to general expectation dynamics described in the literature. However the patterns observed in these three cases diverge from theory in two important ways. First, we observe an important role for the government. Second we observe that expectations do not always converge even when technologies already have some market share as in the case of biofuels. Several factors can explain the large influence of the government regarding sustainable technologies in the mobility sector. Switching to a new transport fuel involves considerable investment in infrastructure and changes in regulation indicating a role for the government [32] . Furthermore in the early stages of development these technologies are to a large extent dependent on government subsidies as they are not able to compete on price with fossil fuels. This dependence on subsidies might also help explain the second observation that expectations do not always converge. In the case of hydrogen this observation is consistent with the pre-market development phase of the technology. In the case of biofuels however there is already considerable diffusion due to regulations but no consensus yet on the best technological design (wait for second generation biofuels or use the first generation as a stepping stone technology). This lack of consensus may become a barrier for the further development of the biofuels system. Describing patterns of expectations in a systematic way allows us to compare different cases and to identify typical patterns that may be associated with success or failure. The expectation patterns thus provide insights regarding the development of technological innovation systems and provides insights for policymakers especially when considering the implementation of market formation policies for sustainable technologies. More specifically we recommend that policymakers take expectation dynamics into account when basing policy on foresight and scenario studies that depend on technological expectations. 
